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I. Basis of the report 



1 . With regard to the elements of the international application:* 
| | the international application as originally filed 
the description: 

pages 1-2,5,7,9-17 

pages 

pages 



, as originally filed 



, filed with the demand 



3,4,6,8 



, filed with the letter of 04 January 2000 (04.01.2000) 



the claims: 

pages 

pages 

pages 

pages 



3,5,7-9 



, as originally filed 

, as amended (together with any statement under Article 19 

, filed with the demand 



1,2,4,6 



filed with the letter of 04 January 2000 (04.01.2000) 



the drawings: 

pages 

pages 

pages 



, as originally filed 



, filed with the demand 



filed with the letter of 



| | the sequence listing part of the description: 
pages < 

pages 

pages 



, as originally filed 

filed with the demand 



_, filed with the letter of 



With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

1 I the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

I 1 the description, pages 

the claims, Nos. 1 0, 1 1 



□ 
□ 
□ 
□ 
□ 

□ 



□ 

the drawings, sheets/fig , 



5 I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
— ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 1 4 are referred to 
in this report as "originally fled" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70. J 7). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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can be a useful fuel will be lost by combustion. 

(b) problem with removal using methanator 

5 With this technique, if the treatment-object gas contains also carbon 

dioxide as is the case with a reformed gas, methanation of carbon dioxide, in 
addition to that of carbon monoxide, tends to occur with very high likelihood. 
For this reason, if carbon monoxide is to be removed sufficiently while 
restricting loss of hydrogen due to methanation of carbon dioxide, it is 
10 necessary to first absorb and remove the carbon dioxide also present in the 
reformed gas, so that the system required for this tends to be complicated. 

DISCLOSURE OF THE INVENTION 

15 The present invention has been made in order to solve the above- 

described problems, and its object is to obtain a carbon-monoxide removing 
technique capable of very effectively reducing/removing carbon monoxide 
present at one thousand of ppm to several % in a hydrogen -rich treatment- 
object gas such as a reformed gas obtained when reforming a fuel as natural 

20 gas, methanol, etc. to a concentration of several tens of ppm (preferably 10 
ppm) or lower without more than necessary loss of hydrogen, even when 
carbon dioxide, methane are co-existent. 

For accomplishing this object, according to characterizing features 
of the present invention, a system for removing carbon monoxide from a 

25 hydrogen-containing treatment-object gas comprises two stages of CO 
removers for removing carbon monoxide, the first-stage CO remover 
removing a portion of the carbon monoxide by methanation thereof through 
a catalyst reaction, the second-stage CO remover removing the remaining 
portion of the carbon monoxide mainly by oxidation thereof through a 

30 further catalyst reaction involving addition of an oxidizing agent. 



The carbon monoxide removing system of the invention includes 
two stages of first CO remover and second CO remover which are disposed in 
the mentioned order, so that the treatment-object gas containing carbon 
monoxide is fed first into the first CO remover and then into the second CO 
remover, whereby treatment-object gas having its carbon monoxide content 
removed is obtained from the second CO remover. 

In the above, the removal of carbon monoxide by the first CO 
remover is methanation removal using catalyst reaction and that by the 
second CO remover is mainly . oxidation removal using catalyst reaction 
involving addition of an oxidizing agent. 

Accordingly, in this removing process, at the first CO remover, by 
using hydrogen present in the surrounding, methanation of carbon monoxide 
is promoted for removal of the carbon monoxide, so that no oxidizing agent is 
required. By this catalyst reaction, a major part (more than half) of carbon 
monoxide present in the treatment-object gas may be methanated to be 
removed. 

Subsequently, at the second CO remover, the remaining portion of 
the carbon monoxide is removed mainly through oxidation thereof by a 
catalyst reaction involving addition of an oxidizing agent. In this case, since 
the amount of the carbon monoxide to be disposed of has already been 
reduced, the remaining amount of carbon monoxide can be substantially 
entirely removed (to a concentration of several ppm approximately, for 
instance) with restricting the amount of the oxidizing agent to be added to 
the treatment-object gas. 

Therefore, with this carbon-monoxide removing system, it is 
possible to restrict the amount of the oxidizing agent required for the 
removal to be smaller than the equivalent of the carbon monoxide entering 
the first CO remover. As a result, treatment-object gas free from carbon 
monoxide may be obtained with limiting the amount of useful hydrogen to be 
consumed in the combustion. 



Such removing system as described above may be applied as it is to 
a case where the treatment-object gas contains a certain amount (e.g. 20%) 
of carbon dioxide. This is a major characterizing feature of the present 
invention. 

Preferably, in the carbon-moiioxide removing system described 
above, the first CO remover includes a first metal catalyst comprising one or 
more kinds selected from the group consisting of Ru, Pt, Rh, Pd, Ni, etc and 
capable of methanating carbon monoxide and a first-catalyst reaction 
condition setting mechanism for maintaining a catalyst reaction portion of 
the remover at a temperature required for methanation reaction of the 
carbon monoxide by the first metal catalyst; and 

the second CO remover includes a second metal catalyst comprising 
one or more kinds selected from the group consisting of Ru, Pt, Rh, Pd, etc. 
and capable of oxidizing the carbon monoxide, a second-catalyst reaction 
condition setting mechanism for maintaining a catalyst reaction portion of 
the remover at a temperature required for the oxidation reaction of the 
carbon monoxide by the second metal catalyst, and an oxLdizing-agent 
supplying mechanism for supplying the oxidizing agent required for the 
oxidation reaction with adjustment of its addition amount. 

With this system, both of the reaction at the first CO remover and 
that at the second CO remover involve metal catalysts, but diiferent catalyst 
reaction from each other. 

That is to say, at the first CO remover, the first metal catalyst is 
employed and the first-catalyst reaction condition setting mechanism is 
provided for providing the catalyst reaction condition for causing the 
methanation thereof, whereby the methanation of carbon monoxide is 
promoted to ensure its treatment amount. 

On the other hand, at the second CO remover, the oxidizing agent 
required for the oxidation of the carbon monoxide is supplied from the 
oxidizing- agent supplying mechanism and also with the second-catalyst 



agent required may also be reduced 

Preferably, in the first step, a first metal catalyst comprising- one or 
more kinds selected from the group consisting of Ru, Pt, Rh, Pd, Ni is 
employed and a catalyst reaction portion is maintained at a temperature 
where methanation of carbon monoxide takes place by the first metal 
catalyst. This is because these catalysts are capable of methanation of 
carbon monoxide. 

More particularly, it is preferred that the first metal catalyst be a 
high quantity metal supported catalyst comprising the one or more kinds 
selected from the group consisting of Ru, Pt, Rh, and Pd by 0.1 to 5 wt.% 
(more preferably 0.5 to 5 wt.%) supported on a catalyst support. In this if 
the metal content is lower than 0.1 wt.%, the methanation activity tends to 
be reduced. Whereas, if it exceeds 5 wt.%, no significant improvement in 
the methanation activity can be achieved. 

Next, in the second step, a second metal catalyst comprising one or 
more kinds selected from the group consisting of Ru, Pt, Rh, and Pd is 
employed and a catalyst reaction portion is maintained at a temperature 
where oxidation of carbon monoxide takes place by the second metal catalyst 
involving addition of an oxidizing agent. 

The catalysts, as described hereinbefore, cause methanation of 
carbon monoxide. But, at the same time, in the presence of a large amount 
of oxidizing agent (oxidizing atmosphere) and at a relatively low 
temperature, they act as catalysts for mainly oxidizing carbon monoxide. 
Accordingly, by using such metal as the second metal catalyst suitable for 
the object of the present invention, the reaction at its catalyst reaction 
portion is controlled to be limited to an oxidation reaction mainly. Whereby, 
the remaining portion of the carbon monoxide may substantially entirely be . 
oxidized and removed- 
More particularly, it is preferred that the second metal catalyst be a 
low quantity metal supported catalyst comprising the one or more kinds 



monoxide as methane. In doing this, it is preferred that the methanation 
reaction be effected with setting the methanation reaction temperature 
higher than 160°C and lower than 240°C. 

With this, by setting the temperature higher than a predetermined 
temperature (higher than 160°C), the methanation reaction will proceed to a 
certain degree, whereas by setting also this temperature lower than a 
predetermined temperature (lower than 240°C), it is possible to sufficiently 
restrict occurrence of methanation of carbon dioxide which tends to involve 
consumption of hydrogen. More preferably, the upper-limit temperature is 
set at 200°C. 

In this case, such relatively low temperature range is employed for 
the methanation reaction. Therefore, it is preferred that from the view 
point of catalyst reactivity, the first metal catalyst comprise at least one or 
more of Ru and Ni. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a view showing a first embodiment. 
BEST MODE OF EMBODYING THE INVENTION 

An example of mode of using a carbon-monoxide removing system 
according to the present invention will be described. 

From a carbon-monoxide shift converter, a treatment-object- gas 
which contains a relatively large amount, i.e. about 6000 ppm to 1 wt.%, of 
carbon monoxide is guided to a first CO reactor (incorporating a "high 
quantity metal supported catalyst 35 ). Generally, this treatment-object gas 
contains no oxidizing component (oxygen). 

Next, the treated treatment-object gas discharged from the first CO 
remover is guided to a second CO remover. In this second CO remover 



What is claimed is: 



1. A system for removing carbon monoxide from a hydrogen- 
containing treatment-object gas; 

wherein the system comprises two stages of CO removers for 
removing carbon monoxide, the first-stage CO remover removing a portion of 
the carbon monoxide by methanation thereof through a catalyst reaction, the 
second-stage CO remover removing the remaining portion of the carbon 
monoxide mainly by oxidation thereof through a further catalyst reaction 
involving addition of an oxidizing agent. 

2. The system for removing carbon monoxide, according to claim 1, 
wherein the first CO remover, includes a first metal catalyst capable of 
methanating carbon monoxide and a first-catalyst reaction condition setting 
mechanism for maintaining a catalyst reaction layer of the remover at a 
temperature required for methanation reaction of the carbon monoxide by 
the first metal catalyst; and 

the second CO remover includes a second metal catalyst capable of 
oxidLzing the carbon monoxide, a second-catalyst reaction condition setting 
mechanism for maintaining a catalyst reaction layer of the remover at a 
temperature required for the oxidation reaction of the carbon monoxide by 
the second metal catalyst, and an oxidizing-agent supplying mechanism for 
supplying the oxidizing agent required for the oxidation reaction with 
adjustment of its addition amount. 

3. The system for removing carbon monoxide, according to claim 1 or 2, 

wherein said treatment-object gas is a reformed gas obtained by reforming of 
fuel such as hydrocarbon , alcohol, naphtha, kerosene to be supplied as a fuel 
gas to a fuel cell. 
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4. A method of removing carbon monoxide from a hydrogen-containing 
treatment-object gas comprising: 

a first step of causing the treatment-object gas to contact a first 
metal catalyst capable of methanating carbon monoxide so that a portion of 
the carbon monoxide is removed through its methanation; and 

a second step of causing the treatment-object gas from the first step 
together with an oxidizing agent to contact a second metal catalyst capable 
of oxidizing carbon monoxide so that the remaining portion of carbon 
monoxide is removed mainly through its oxidation. 

5. The method of removing carbon monoxide, according to claim 4, 
wherein in the first step, a reaction temper ature of catalyst reaction between 
the first metal catalyst and the treatment-object gas is controlled to a 
temperature at which methanation of carbon monoxide may be promoted 
with restricting methanation of carbon dioxide, so as to reduce the carbon 
monoxide concentration of the treatment-object gas to 50% or lower of the 
original carbon monoxide concentration of the gas charged into this first 
step. 

6. The method of removing carbon monoxide, according to claim 4 or 5, 
wherein in the first step, the first metal catalyst compxising one or more 
kinds selected from the group consisting of Ru, Pt, Eh, Pd, Ni is employed 
and 

in the first step, a catalyst reaction layer is maintained at a 
temperature where methanation of carbon monoxide takes place by the first 
metal catalyst; 

in the second step, the second metal catalyst comprising one or . 
more kinds selected from the group consisting of Ru, Pt, Rh, and Pd is 
employed; and 

in the second step, a catalyst reaction layer is maintained at a 
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temperature where oxidation of carbon monoxide takes place by the second 
metal catalyst involving addition of an oxidising agent. 

7. The method of removing carbon monoxide, according to claim 4, 5 or 
6, wherein the total amount of the oxidizing agent supplied at the second 
step is below 3 chemical equivalents in oxygen conversion relative to the 
amount of carbon monoxide originally contained in the treatment-object gas 
introduced in the first step. 

8. The method of removing carbon monoxide, according to claim 4, 5 or 
6, wherein the total amount of the oxidizing agent supplied at the second 
step is below the chemical equivalent in oxygen conversion relative to the 
amount of carbon monoxide originally contained in the treatment-object gas 
introduced in the first step. 

9. The method of removing carbon monoxide, according to any one of 
claims 4-8, wherein said hydrogen-containing treatment-object gas 
comprises a reformed gas supplied to a fuel cell as a fuel gas. 

10. A method of removing carbon monoxide from a hy<frogen-containing 
treatment-object gas; 

wherein the treatment-object gas is exposed to a first metal catalyst 
capable of methanating carbon monoxide so as to remove the carbon 
monoxide as methane, during which the methanation reaction is effected 
with setting the methanation reaction temperature higher than 160°C and 
lower than 240°C. 

11. The method of removing carbon monoxide, according to claim 10, 
wherein said first metal catalyst comprises at least one of Ru and Ni. 
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